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HEATSTAKE 



Technical Field 

The present invention relates to a fastener, and in particular to a heatstake fastener 
that has multiple fastening portions for fastening a workpiece. 



Conventional heatstakes normally employ a base portion having a shaft portion that 
extends through a passage of a workpiece. When the shaft portion is heat-staked, the result 
is a deformed fastener about the passage and fastening surface of the workpiece. The 
deformed shaft for this conventional heatstake does not provide a uniform, consistent, or 
completely fastened workpiece during the staking operation. The shaft portion deforms 
freely in an uncontrolled fashion and is completely governed by the staking device. If the 
shaft is not heat-staked properly, only a portion of the deformed shaft will contact the 
fastening surface, resulting in an insufficient fastener. Further, the shaft portion may be 
staked entirely through the workpiece passage and may never contact the fastening surface, 
resulting in the absence of a fastener for the workpiece. 



The inventor of the present invention has recognized that the shaft portion of 
conventional heatstakes deform freely in an uncontrolled fashion. To this end, the inventor 
has developed a heatstake having a shaft portion that can be staked in a controlled fashion. 
Thus, an object of the present invention is to provide a heatstake that results in a uniform, 
consistent, and generally fastened workpiece. 

The heatstake comprises a base portion having at least one shaft portion. The shaft 
portion is defined by a leading end and a central passage that extends through the shaft 
portion. The central passage is formed by an opening at the leading end. A plurality of 
slots are disposed about an outer surface of the shaft portion. The plurality of slots have a 
predefined angular separation. The plurality of slots disposed about the outer surface of 
the shaft portion form a heatstake having multiple fastening portions, which when staked, 
allow the formation a uniform, consistent, and completely fastened workpiece. 



Background of the Invention 



Summary of the Invention 
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Brief Description of the Drawings 
The present invention will now be described, by way of example, with reference to 
the accompanying drawings, in which: 

FigurgJJis a perspective view of the heatstake; 

Figure 2 is a cross-sectional view of the heatstake of Figure 1; 

Figure 3a is a top view of the heatstake of Figure 1; 

Figure 3b is a top view of an alternate embodiment of the heatstake of Figure 1; 
Figure 4a is a top view of a staked heatstake of Figure 3a; 

Figure 4b is a top view of an alternate embodiment of a staked heatstake according 
to Figure 3b; ^ 

Figure 5 is a perspective view of an alternate embodiment of the heatstake; 
Figure 6 is a cross-sectional view of the heatstake of Figure 5; 
Figure 7 is a top view of the heatstake of Figure 5. 

Description of the Preferred Embodiment 

The present invention is directed to a heatstake having a base and shaft portion that 
allows the formation of a uniform, consistent, and generally fastened workpiece. Figure 1 
shows the heatstake, shown generally at 10, before being staked. The term "staked" is 
generally applied to a staking operation that includes any one of a plurality of fastening 
methods known in the art, such as conventional welding, ultrasonic welding, and the like. 
Preferably, the heatstake is made of a rigid plastic material such as a polypropylene, nylon, 
Acrylnitril-Butadien-Styrol-Copolymere (ABS), and the like. It will be appreciated that 
the invention is not limited by the type of material, and that the invention can be practiced 
with any suitable deformable material that can allow the user to stake the heatstake 10 in a 
uniform and consistent fashion. 

Referring now to Figures l-3a, the heatstake is shown having a base portion 12 and 
a shaft portion 14. The shaft portion 14 extends through a passage 16 of a workpiece 18. 
The shaft portion 14 includes a first or inner shaft portion 20 and a second or outer shaft 
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portion 22. The first shaft portion 20 is defined by a first leading end 24 and a first central 
passage 26. The second shaft portion 22 is defined by a second leading end 28 and a 
second central passage 30. The first shaft portion 20 is generally concentrically disposed 
about the second central passage 30 of the second shaft portion 22 to form a dual heatstake 
configuration. The first shaft portion 20 is further defined as to having an outer diameter 
Dl that is less than the inner diameter D2 of the second shaft portion 22 (Figure 3a). The 
first and second central passages 26, 30 generally concentrically extend through the first 20 
and second shaft portion 22 from the first and second leading ends 24, 28, respectively. 
Preferably, the first shaft portion 20 has a length, LI, that is greater than a length, L2, of 
the second shaft portion 22 (Figure 2). Because the length, LI, of the first shaft portion 20 
is greater than the length L2 of the second shaft portion 22, the leading end 24 of the first 
shaft portion 20 comes into contact with the staking device (not shown) before the leading 
end 28 of the second shaft portion 22. 

One aspect of the invention is that a plurality of slots 32 are disposed through an 
outer surface 34 of the second shaft portion 22. In this embodiment, the plurality of slots 
32 have an angular separation, 0 (Figure 3a). The user may selectively design the amount 
of slots 32 needed for a particular heatstake design. Each slot 32 forms a fastening portion 
36 that securely contacts a fastening surface 38 of a workpiece 18 when the heatstake 10 is 
staked. The slots 32 may be positioned so as to define the predefined angular separation 0 
having substantially equivalent angles that help ensure that the shaft portion 14, when 
staked, will securely and positively engage the fastening surface 38. 

For example, the heatstake 10 shown in Figure 3a includes three slots 32 having an 
angular separation, 8, of approximately 120°. When the heatstake 10 is staked, the 
deformed heatstake fastens to the workpiece 18 with three fastening portions 36 that 
securely and positively engage the fastening surface 38 of the workpiece 18. However, it 
will be appreciated that the invention is not limited to having only three slots 32 with an 
angular separation, 0, of approximately 120°. The invention can be practiced with any 
suitable number of slots that allow the user to stake the heatstake in any desired fashion. 
For example, the heatstake may have eight slots with an angular separation, 0, of 
approximately 45° that when staked forms eight fastening portions 36. In general, the 
angle separation, 0, between the slots 32 is defined by the following expression: 0 = (360 / 
N) degrees, where N is the number of slots. The expression for 0 generally defines an 
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equivalent angular separation for each slot 32. However, it will be appreciated that the 
above expression for 9 may not necessarily limit the heatstake 10 from using only 
equivalent angles. The slots 32 may be designed with any angular displacement, which 
may not necessarily include equivalent angles, 0, that will adequately fasten the heatstake 
to the workpiece. 

The invention is not limited by the number of outer shaft portions. For example, in 
an alternate embodiment to the heatstake design shown in Figure 3b, a heatstake 10a may 
further comprise a third shaft portion 22a including three fastening portions 36a defined by 
three slots 32a having an angular displacement, 9a, of approximately 120°. The third shaft 
portion 22a is further defined as to having an inner diameter D3 that is greater than the 
outer diameter opposite the inner diameter D2 of the second shaft portion 22. The slots 
32a are centrally positioned opposite that of fastening portions 36 of the second shaft 
portion 22. The third shaft portion 22a may also have a length (not shown) that is less than 
the length, L2, of the second shaft portion 22. When the heatstake 10a is staked, the 
deformed heatstake fastens to the workpiece 18 with three additional fastening portions 36a 
that complements the fastening portions 36 of the second shaft portion 22. The fastening 
portions 36 and 36a securely and positively engage the fastening surface 38 of the 
workpiece 18. However, it will be appreciated that the invention is not limited to having 
only three slots 32a with an angular separation, 9a, of approximately 120°. As explained 
above, the invention can be practiced with any suitable number of slots that allow the user 
to stake the heatstake in any desired fashion with a variety of displacement angles, 9a. 

Referring back to the original embodiment shown in Figures l-3a, Figure 2 shows a 
cross-sectional view of the heatstake 10 before it is staked. Hidden lines, H, show the first 
and second central passages 26, 30 generally concentrically extending through the first and 
second shaft portions 20, 22 about a central axis, V. The passage 26 extends from its 
leading end 24 to the base portion 12. Although the passage 26 is not shown extending 
through the base portion 12, the passage 26 may extend through the base portion 12 to 
provide an opening (not shown) in an opposing surface 40. The slots 32 of the second 
shaft portion 22 have a length, L3, defined from the second leading end 28 and extend 
proximate the fastening surface 38 of the workpiece 18. It will be appreciated that the 
length, such as the length L3, may extend to any desired length of the second shaft portion 
22, or a length less than L2. 
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The staking operation is performed by centrally inserting a staking device (not 
shown) into the first central passage 26 about the first leading end 24. The staking 
operation causes the first shaft portion 20 to deform vertically downward and radially 
outward about the vertical axis, V, against the second shaft portion 22 having the plurality 
of slots 32 with the predefined angular separation, 9. In addition, each fastening portion 36 
of the second shaft portion 22 deforms vertically downward and radially outward about the 
vertical axis, V, toward the fastening surface 38 of a workpiece 18. Because the first shaft 
portion 20 has a generally solid, cylindrical outer surface 40, the fastening portions 36 that 
deform radially outward from the vertical axis, V, apply a substantially uniform and 
continuous pressure to the fastening portions 36. When the shaft 14 is deformed in this 
fashion, the fastening portions 36 are deformed uniformly and consistently, thereby 
providing a generally fastened workpiece 18 about the fastening surface 38. 

As seen in Figure 4a, the deformed heatstake 10 having three slots 32 forms a 
geometric configuration of a deformed first shaft portion 20 in a generally circular shape 
having a second shaft portion 22 deformed in the shape of a rosette or flower 44 with three 
pedals 46 separated approximately 120° apart. Figure 4b shows the deformed heatstake 
10a according to the alternate heatstake design of Figure 3b. As shown in Figure 4b, the 
second shaft portion 22 and third shaft portion 22a are deformed in the shape of a rosette or 
flower 44 with two series of three pedals 46, 46a, separated approximately 120° apart, 
respectively. The flowering pattern 44a shown in Figure 4b is similar to the flowering 
pattern 44 shown in Figure 4a, except that the passage 16 (shown by dashed lines), formed 
in the workpiece 18 is completely covered by the pedals 46a. Thus, one advantage of the 
alternate embodiment shown in Figures 3b, 4b is that the third shaft portion 22a provides 
an increased fastening strength as compared to the embodiment shown in Figures 3a, 4a, 
because of the increase in the amount of surface area, provided by pedals 46a, contacting 
the fastening surface 38 by the heatstake 10a. 

The shape of each pedal 46, 46a is controlled by a combination of a number of 
factors that include inherent characteristics of the heatstake 10, 10a, as well as the 
conditions of the staking process. Inherent characteristics that result in the 'mushrooming' 
or deformation of each pedal 46, 46a includes the material used in the construction of the 
heatstake 10, 10a, as well as the radial thickness Rl and R2 of the first and second shaft 
portions 20, 22, respectively (Figure 1). If the radial thickness R2 extends to a sufficient 

-5- 



WO 03/059605 



PCT/US03/00222 



thickness, the volume of material used for the second shaft portion 22 will also increase, 
which results in larger flowered-out pedals 46 that will completely engage the passagel6. 
Thus, the passage 16 may also be completely covered by using the first and second shaft 
portions 20, 22 of the embodiment shown in Figure 3a. During the staking process, 
conditions, such as the amount of heat and the time that the heat is applied to the heatstake 
10, 10a, also generally determines the 'mushrooming* or deformation of each pedal 46, 
46a. 

The deformed first shaft portion 20 for both embodiments shown in Figures 4a and 
4b fastens to the workpiece 18 as each pedal 46, 46a increases the fastening strength of the 
deformed heatstake 10 to the fastening surface 38. However, the invention is not limited to 
having only three slots 32, 32a. For example, as shown above, the heatstake 10, 10a may 
have any desired number of slots 32, 32a designed with any angular displacement, which 
may not necessarily include equivalent angles, 0, that will adequately fasten the heatstake 
to the workpiece. It will be appreciated that the number of slots 32, 32a determines the 
number of fastening portions 36, 36a, which in turn determines the number of pedals 46, 
46a on the deformed heatstake 10, 10a, respectively. 

Figure 5 shows an alternate embodiment of a heatstake 100 according to the 
invention. In general, the heatstake 100 is substantially identical to the heatstake 10, 
except that the heatstake 100 does not include the first shaft portion 20. The heatstake 100 
includes a base portion 112 and a single shaft portion 114. The shaft portion 114 extends 
through a passage 116 of a workpiece 118. The shaft portion 114 is defined by a leading 
end 120 and a central passage 122. The first shaft portion is further defined as to having an 
outer diameter D4 and an inner diameter D5 that is less than the outer diameter D4 (Figure 
7). A plurality of slots 124 are disposed about an outer surface 126 of the shaft portion 
114. 

Like the first embodiment shown above, the plurality of slots 124 have a angular 
separation, 0 (Figure 7). The user may selectively design the amount of slots 124 needed 
for the present embodiment having a single shaft portion 114 in the heatstake 100. Each 
slot 124 forms a fastening portion 128 that securely contacts a fastening surface 130 of a 
workpiece 118 when the heatstake 100 is staked. The slots 124 may be positioned so as to 
define the predefined angular separation 0 having substantively equivalent angles that help 
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ensure that the shaft portion 114, when staked, will generally and positively engage the 
fastening surface 130. For example, the heatstake 100 shown in Figure 7 includes three 
slots 124 having an angular separation, 0, of approximately 120°. When the heatstake 100 
is staked, the deformed heatstake fastens to the workpiece 118 with three fastening portions 
128 that securely and positively engage surface 130 of the workpiece 118. However, it 
will be appreciated that the invention is not limited to having only three slots 124 with an 
angular separation, 0, of approximately 120°. The invention can be practiced with any 
suitable number of slots that allow the user to stake the heatstake in any desired fashion. 
For example, the heatstake may have eight slots with an angular separation, 9, of 
approximately 45° that when staked forms eight fastening portions 128. 

Figure 6 shows a cross-sectional view of the heatstake 100 before it is staked. As 
discussed above, hidden lines H show the central passage 122 extending through the shaft 
portion 114 about central axis V. Although the passage 122 is not shown extending 
through the base portion 112, the passage 122 may extend through the base portion 112 to 
provide an opening (not shown) in an opposing surface 132. The slots 124 of the shaft 
portion 1 14 have a length, L4, defined from the leading end 120 and extend proximate the 
fastening surface 130 of the workpiece 118. It will be appreciated that the length L4 may 
extend to any desired length, such as the length of the shaft portion 114, or a length less 
thanIA 

The staking operation is performed by centrally inserting a staking device (not 
shown) into the first central passage 122 about the leading end 120. The staking operation 
causes the shaft portion 114 to deform vertically downward and radially outward about the 
vertical axis, V, so that the fastening portions 128 defined by the plurality of slots 124 with 
the predefined angular separation, 0, generally and positively engage the fastening surface 
130 of the workpiece 118. When the shaft 1 14 is deformed in this fashion, the fastening 
portions 128 are deformed uniformly and consistently, thereby providing a generally 
fastened workpiece 118 about the fastening surface 130. 

The end result of the staking operation is a deformed heatstake 100 that forms a 
geometric configuration of a rosette or flower with three pedals that are separated 
approximately 120° apart. The deformed shaft portion 114 fastens to the workpiece 118 
with each pedal. As discussed above, the invention is not limited to having only three slots 
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with an angular separation of approximately 120°. For example, the deformed heatstake 
100 may have any desired number of slots 124 that will adequately fasten the heatstake to 
the workpiece. 

Another advantage of the present invention is the ability to design and form a 
heatstake on a workpiece through injection molding. The heatstake described above can be 
injection molded onto a workpiece before the performance of a staking operation. The 
ability to provide a heatstake that can be injection molded onto a workpiece before the 
implementation of a staking process can allow for easier and faster assembly. 

It will be appreciated that there are many different ways in which to maintain a 
uniform, consistent, and complete fastener other than the embodiments shown for 
heatstakes 10, 10a, and 100. Any different combination, addition, or withdrawal of the 
amount of stakes, slots, or angular displacement 0 can be used to improve upon the 
fastening strength or deformation consistency disclosed herein. It should be understood 
that the aforementioned and other various alternatives to the embodiments of the invention 
described herein may be employed in practicing the invention. It is intended that the 
following claims define the scope of the invention and that the method and apparatus 
within the scope of these claims and their equivalents be covered thereby. 
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Claims 

1. A heatstake for fastening a workpiece, comprising: 
a base portion; 

at least one shaft portion including a leading end; 

a central passage extending through the at least one shaft portion, the central 
passage being defined by an opening at the leading end; and 

a plurality of slots disposed about an outer surface of the at least one shaft portion 
having a predefined angular separation. 

2. The heatstake according to Claim 1, wherein the plurality of slots comprises at 
least three slots. 

3. The heatstake according to Claim 2, wherein the predefined angular separation 
is approximately 120 degrees. 

4. The heatstake according to Claim 1, wherein the heatstake comprises two shaft 
portions, one shaft portion having an outer diameter less than an inner diameter of the other 
shaft portion. 

5. A heatstake for fastening a workpiece, comprising: 
a base portion; 

a first shaft portion including a first leading end and a first central passage; 

a second shaft portion including a second leading end, a second central passage, 
and a plurality of slots disposed about an outer surface having a predefined angular 
separation, 

wherein the first shaft portion is generally concentrically disposed about the second 
central passage of the second shaft portion to form a dual heatstake configuration. 
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6. The heatstake according to Claim 5, wherein the first shaft portion has an outer 
diameter less than an inner diameter of the second shaft portion. 

7. The heatstake according to Claim 5, wherein the plurality of slots comprises at 
least three slots. 

8. The heatstake according to Claim 7, wherein the predefined angular separation 
is approximately 120 degrees. 

9. A method of deforming a heatstake in a controlled fashion, the heatstake 
comprising a base portion, at least one shaft portion including a leading end, a central 
passage extending through the at least one shaft portion, the central passage being defined 
by an opening at the leading end, and a plurality of slots disposed about an outer surface of 
the at least one shaft portion having a predefined angular separation, the method 
comprising the steps of: 

deforming the at least one shaft portion vertically downward and radially outward 
about a vertical axis of the at least one shaft portion such that the plurality of slots 
positively engage a workpiece. 

10. The method according to Claim 9, wherein the deformed heatstake forms a 
geometric configuration in the form of a rosette or flower shape. 
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Fig. 3b 
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Fig. 4a 
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Fig. 4b 
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